The choice of operation in the surgical treatment of chronic duodenal ulcer remains a controversial subject. Partial gastrectomy is now performed less frequently, as surgeons are increasingly attracted to the advantages of vagotomy, which effects a substantial reduction of gastric-acid secretion in most cases. Recurrent ulceration appears to be more common after vagotomy than after partial gastrectomy, but this disadvantage of vagotomy is balanced and possibly outweighed by the higher post-operative mortality rate after partial gastrectomy. The major criticism of partial gastrectomy is that it leads to an unacceptably high incidence of late complications, which include alimentary symptoms such as postprandial abdominal discomfort, dumping, and vomiting, and also impaired nutrition manifested by loss of weight, anaemia, and more rarely osteomalacia. Although agreement is not complete, many publications support the contention that untoward alimentary symptoms are comparatively infrequent after vagotomy. However, there is remarkably little information in the literature to substantiate the view that impaired nutrition is rare after vagotomy. In order to provide data relevant to this latter problem, this paper reports the results of a study of patients after vagotomy and gastrojejunostomy for chronic duodenal ulcer.
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Vagotomy has been extensively used in Sheffield since 1958, and the interval between operation and the present review varied between 37 and 57 months in the patients studied; we have therefore considered the results as representing a post-operative investigation at approximately four years. A gastric drainage procedure must be performed simultaneously with vagotomy, which by itself causes a high proportion of symptoms due to delayed gastric emptying. Gastrojejunostomy was combined with vagotomy in the present series, and the patients having pyloroplasty in the period under consideration have not been included as they were too few to merit detailed investigation. The study was designed to give as much information as possible without requiring more co-operation than could reasonably be expected from our patients. The tests were therefore restricted to peripheral blood examination, estimation of serum-iron and serum-vitamin-B12 levels, and measurement of vitamin-B1, absorption and faecal fat excretion. In addition, the patients were asked about alimentary symptoms and weight changes before and after operation. Insulin tests to confirm completeness of vagotomy were not performed in all patients, but a recent study from this department suggests that vagal-nerve section was achieved in approximately 90% of patients (Ross and Kay, 1964 
Clinical Material
From a consecutive series of 120 patients with chronic duodenal ulcer treated by vagotomy and posterior gastrojejunostomy approximately four years previously, 25 were excluded because of death (5), reoperation (7), failure to attend (7), and distance from Sheffield (6). The 95 patients remaining for detailed investigation were 75 males and 20 females. Some were unable to undergo all the tests planned. All results described as " after operation" refer to the study of these patients approximately four years after vagotomy and gastrojejunostomy.
In order to have data with which to compare the results, information was taken from various sources, which are described in the next section. This information is called "control" data.
Methods
Haemoglobin concentration was determined as oxyhaemoglobin in a grey-wedge photometer (King et al., 1948 Control data were taken from the records of 185 healthy adults undergoing a routine haematological check during the period of our study ; all had a haemoglobin estimation and 103 a red-cell count. These tests were made because the subjects, mainly nurses, radiographers, and industrial workers, were exposed to radiation risk, but in none was there any evidence of haematological abnormality.
Serum-iron concentration was estimated by Ramsay's (1953) method, using blood taken between 9 and 11 a.m. wherever possible. Control data were taken from a previous study by one of us (Baird et al., 1957) in which serum-iron levels had been estimated by the same method and in the same laboratory in a series of non-anaemic patients awaiting operation.
Serum-vitamin-B12 levels were assayed by Dr. S. Varadi and Mr. A. Elwis in the Sheffield City General Hospital using the Euglena gracilis method (Ross, 1952) .
Vitamin-B,2 absorption was estimated with radioactive 58Co-labelled vitamin B,2 by a urinary excretion method (Schilling, 1953 (1949) . Faeces were collected by the patient over a period of either four or five days by a previously described method (Cox, 1961) . No special dietary restrictions were made except to be sure that the subject had an adequate dietary fat intake of more than 75 g./day. The result was expressed as grammes of fat (as fatty acid) per day. Faecal fat estimations had been made by one of us (Cox, 1963) vagotOmy are not significantly different from those in the control subjects and will not be considered further. In both sexes the mean haemoglobin concentrations of the control subjecits and of the patients before operation show no significant difference. In the males the mean of the patients after operation is not significantly different from the mean of the control subjects or patients before operation. In the females the mean of the patients after operation does not differ from that of the patients before operation but is significantly lower than the mean of the control subjects (P<0.01). However, after operation five of the female patients reported such factors as menorrhagia and recent oral iron therapy, which tend to confuse the pattern; when the results of these patients are excluded from consideration the mean haemoglobin concentration in the remaining 14 is 13.6 g./100 ml. (S.D.= 1.9), which is not significantly different from the mean of the control female subjedts or of the females before operation. The distribution of haemoglobin levels (Table II) is approximately the same before and after operation. These results indicate that the haemoglobin Nil concentration is little altered four years after vagotomy and gastrojejunostomy. Anaemia occurred in some patients before and after operation but not in the control subjects. Using as the criterion of anaemia haemoglobin levels below 13.3 g./100 ml. (90% on Haldane scale) for men and 11.8 g. (80%) for women, the incidence of anaemia after operation in women (26 %) is significantly (P<0.05) higher than in men (8%). However, anaemia is not necessarily a consequence of vagotomy and gastrojejunostomy, since patients with low haemoglobin levels after operation often had correspondingly low levels before operation (Table  III) , and factors unconnected with the operation were clearly important in several; these include bleeding piles, menorrhagia, and anaemia of pregnancy. No such factor could be detected in two patients (F. B. and S. L. in Table III ). The anaemia of the post-operative patients was typical of iron deficiency. A course of oral iron therapy lasting for one to three months was sufficient to restore normal haemoglobin levels.
Serum-iron levels are presented separately for males and females (Table IV) . The control data can be compared with the results in the patients after operation. The latter are divided into two groups: the first group includes all patients irrespective of their haemoglobin level; the second group differs from the first in that anaemic patients are excluded, since anaemic subjects were also excluded from the control series (Baird et al., 1957) . In male patients the mean serum-iron level after operation, even when the anaemic patients are excluded, is significantly lower than the control mean (P<0.001). In female patients the mean serum-iron level after operation is also lower than the control mean (P<0.01); however, when the results in the female patients with anaemia are excluded there is no significant difference between the controls. and patients. When the results in females with additional complicating factors such as menorrhagia and recent iron therapy are also excluded the mean serum iron in the remaining 10 patients (77 ,tg./100 ml.)
is not significantly lower than the control mean, which may be due to the small number of female patients after exclusion.
Taking values below 60 ,tg./100 ml. as abnormal, the incidence of hypoferraemia is 50% in women and 12.5% in men; this difference is significant (P<0.001). Because of the low serumiron levels the data were studied to see if there was a fall in the serum-iron values with increasing time after operation. detailed analysis indicates that weight change in the four years after operation depends in part upon the relation between the patient's estimated best weight before operation and his weight at the time of operation (Fig. 2) . Patients whose weight at the showing no change). Analysis of variance shows a significant (P<0.001) difference between the mean changes in the five groups, and inspection of these means shows a trend indicating that weight change after operation is inversely related to weight change before operation. The regression line fitted to the ungrouped dats has a coefficient of -0.580 (S.E.= 0.084), which is highly significant (P'O0.001).
time of operation was most below their previous estimated best weight gained most weight after operation, and, conversely, patients at their estimated best weight at the time of operation lost most weight subsequently. The weight of the majority of patients four years after vagotomy and gastrojejunostomy remained below their estimated best weight before the operation. In four of the five groups shown in Fig. 2 the mean weight deficit ranges from 3.8 to 5.5 kg. However, the group of patients who were more than 15 kg. below their previous estimated best weight at the time of operation remained on average 12.5 kg. below their previous best weight. The number of patients seriously below their ideal weight is much smaller four years after operation than before (Table VIII) . (Baird and Wilson, 1959) and radioactive fat (Cox, 1963) . The same problems may exist in patients after vagotomy and gastrojejunostomy, in whom it would be of interest to study the influence on vitamin-B,2 absorption of such factors as food, intrinsic factor, and carbachol or histamine stimulation. Meanwhile the finding of reduced absorption in the present studies suggests that a megaloblastic type of anaemia might develop in a few patients some years after vagotomy and gastrojejunostomy.
The increased faecal fat excretion in the post-operative patients provides further evidence of some impairment of absorption after vagotomy and gastrojejunostomy. Mean faecal fat excretion was only slightly above the normal level, and the small associated calorie loss would be unlikely to have a recognizable effect on nutrition. The physiological explanation of the raised faecal fat is a subject of interest which merits further study. Butler (1961) has shown a similar incidence of increased faecal fat excretion after Polya partial gastrectomy (gastrojejunal anastomosis) but a much lower incidence after the Billroth I gastrectomy (gastroduodenal anastomosis) ; he also found that faecal fat excretion increased in the presence of a long afferent loop after the Polya gastrectomy. These observations could be accounted for by reduced pancreatic secretions and poor mixing of ingested food with the pancreatic enzymes in accordance with the work of Lundh (1958) . The same considerations may apply after vagotomy and gastrojejunostomy, giving support to the current preference for pyloroplasty instead of gastrojejunostomy as the gastric drainage procedure. Some would favour the suggestion that the rise in faecal fat excretion is due to section of the vagus-nerve supply to the gall-bladder, pancreas, and small intestine. Although several investigators have studied the effects of vagal denervation on the function of these organs, a correlation between the effects observed and faecal fat excretion does not seem to have been demonstrated. In these circumstances, the subject remains confused and needs a more complete study of all the factors involved than has yet been attempted.
A study of the weight changes after operation showed that in the majority there was either no alteration or a gain and that the overall change was a mean gain of just under 3 kg. Although these findings are favourable, weight changes after gastric surgery should also take account of weight changes before operation. The importance of this factor was clearly illustrated in the present study, which showed that patients who lost weight before operation tended to gain afterwards and that patients who did not lose weight before operation tended to lose weight afterwards. Although the majority of patients after operation were below what they considered to have been their best weight before operation, relatively few were substantially below their theoretical ideal weight according to height and age. Johnston et al. (1958) have reported approximately similar findings after partial gastrectomy, but the analysis of weight changes is not strictly comparable.
This study provides evidence of a satisfactory state of nutrition in most patients four years after vagotomy and gastrojejunostomy. Although certain abnormalities were discovered, most were only mild and some were not necessarily a direct result of operation. The data were examined to see if abnormal results were more frequent in certain patients, but no definite relationships could be established except for the concurrence of anaemia, hypoferraemia, and low red-cell counts. Abnormal results were not more common in patients with alimentary symptoms such as bile-vomiting and dumping, and no correlation could be found between faecal fat excretion and weight change or bowel habit. Perhaps the most important practical finding was the general tendency to low serum-iron concentrations. Patients may need regular haemoglobin estimations after vagotomy and gastrojejunostomy in order to detect the development of anaemia. Our findings indicate that this is a relatively minor problem requiring only oral iron therapy to obtain a rapid improvement in the haemoglobin level. Further studies are required to investigate the longer-term effects of vagotomy and gastrojejunostomy on nutrition. It would also be of interest to have comparable data in a series of patients after vagotomy combined with pyloroplasty in order to assess the relative merits of the drainage procedure employed.
Summary
Haematological status, intestinal absorption, and weight change were studied in 95 patients approximately four years after vagotomy and gastrojejunostomy.
Haemoglobin and serum-vitamin-B12 levels showed little alteration from normal, but serum-iron concentration was reduced. Absorption of vitamin B12 was reduced and faecal fat excretion was slightly raised. Most patients gained weight after the operation ; there was an inverse relationship between change in weight before and after operation.
The significance of these findings is discussed.
